The polyanion-binding domain of cytoplasmic Lys-tRNA synthetase from Saccharomyces cerevisiae is not essential for cell viability.
Cytoplasmic Lys-tRNA synthetase (LysRS) from Saccharomyces cerevisiae is a dimeric enzyme made up of identical subunits of 68 kDa. By limited proteolysis, this enzyme can be converted to a truncated dimer without loss of activity. Whereas the native enzyme strongly interacts with polyanionic carriers, the modified form displays reduced binding properties. KRS1 is the structural gene for yeast cytoplasmic LysRS. It encodes a polypeptide with an amino-terminal extension composed of about 60-70 amino acid residues, compared to its prokaryotic counterpart. This segment, containing 13 lysine residues, is removed upon proteolytic treatment of the native enzyme. The aim of the present study was to probe in vivo the significance of this amino-terminal extension. We have constructed derivatives of the KRS1 gene, encoding enzymes lacking 58 or 69 amino-terminal residues and, by site-directed mutagenesis, we have changed four or eight lysine residues from the amino-terminal segment of LysRS into glutamic acids. Engineered proteins were expressed in vivo after replacement of the wild-type KRS1 allele. The mutant enzymes displayed reduced specific activities (2-100-fold). A series of carboxy-terminal deletions, encompassing 3, 10 or 15 amino acids, were introduced into the LysRS mutants with modified amino-terminal extensions. The removal of three residues led to a 2-7-fold increase in the specific activity of the mutant enzymes. This partial compensatory effect suggests that interactions between the two extreme regions of yeast LysRS are required for a proper conformation of the native enzyme. All KRS1 derivatives were able to sustain growth of yeast cells, although the mutant cell lines displaying a low LysRS activity grew more slowly. The expression, as single-copy genes, of mutant enzymes with a complete deletion of the amino-terminal extension or with four Lys----Glu mutations, that displayed specific activities close to that of the wild-type LysRS, had no discernable effect on cell growth. We conclude that the polycationic extensions of eukaryotic aminoacyl-tRNA synthetases are dispensable, in vivo, for aminoacylation activities. The results are discussed in relation to the triggering role in in situ compartmentalization of protein synthesis that has been ascribed to the polypeptide-chain extensions that characterize most, if not all, eukaryotic aminoacyl-tRNA synthetases.